As these factors vary, it is to be expected that there will be adaptive variations in the amounts and sites of production of the different di gestive enzymes secreted.
It is the purpose of this investigation to determine where the enzymes are secreted, and in what quantities, with a view to making correlations with the anatomy and physiology of the fishes studied. The early literature bearing upon digestion in fishes is well reviewed by Yung (1899) and Sullivan (1907) .
The rate of digestion has been studied by Van Slyke and White (1911) . They state that in the dogfish two to three days are required for the disposal of a meal; this is about six times as long as the period in mammals, which may be due to the temperature difference. Svolima (1919) found the period of digestion to last up to five days. Yung (1899) had set the period at ten hours. Kenyon (1925) compared digestion in the different classes of verte brates.
Peptic digestion he found to be remarkably uniform among all the animals investigated, with the exception of the stomachless carp. Gastric acidity is exceedingly variable, apparently depending upon the functional state of the organ. There seems to be no correlation between peptic activity and food habits.
There is a close correlation between the 133 structure of the tract and the distribution of the enzymes. Amylase and invertase are present in herbivorous fishes to a larger extent than in carnivorous.
Apparently there has been little change in the char acter of the enzymes or their rates of activity in the evolution of the amphibians, reptiles, and mammals from primitive types.
The production of relatively large amounts of carbohydrases in the herbivorous carp, as contrasted with the carnivorous pike, has also been pointed out by Vonk (1928) .
It is generally agreed that the enzymes of fishes are similar to those of warm-blooded animals.
The subject is reviewed by Chesley (1934) in a paper dealing with the temperature coefficients of amylases of dif ferent origins.
It was found that the optimal temperatures (obtained under comparable, rigidly controlled conditions) were somewhat lower for the amylases of cold-blooded animals.
The order found for the optimal temperatures is human amylase > terrapin amylase > fish amy lase. Also it was found that fish amylase is relatively much more ef fective at 3.5Â°C. than either of the other two; human amylase is intermediate.
This latter finding does not accord with Riddle's (1909) general conclusion that â€oe¿ higher formsâ€• progressively lose the power of diges tion at lower temperatures.
Riddle studied peptic digestion in Mett's tubes introduced into the stomachs of living animals kept in constant temperature baths.
He also concluded that there is a progressive loss in digestive power in successively higher forms.
MATERIAL
Fishes used in thisstudy were selectedas representatives of diverse specializations, as indicated in the introduction.
(1) Very active:
The mackerel, Scomber scombrus Linmeus. The menhaden, BrevoÃ ¶rtia tyrannus (Latrobe). The scup, Stenotomus chrysops (Linnleus). (2) Intermediately active:
The sea robin, Prionotus carolinus (Linmieus). The puffer, Spheroides maculatus (Bloch and Schneider). (3) Inactive or sluggish:
The toadfish, O/'sanus tau (Linn@us).
The mackerel, menhaden and scup represent active fishes, as shown by their rapid swimming, stream-line bodies, high blood sugars, high hemoglobin and blood iron concentrations and respiratory rates. The menhaden differs from the other two in storing much of its reserve as fat. The mackerel and menhaden feed by swimming rapidly near the surface, and straining their food out of the water. The mackerel is carnivorous, and exercises a degree of selection for Calanus (Bigelow and Welsh, 1924) .
The menhaden is predominantly herbivorous, feed ing upon diatoms and peridineans (Bigelow and Welsh, 1924; Peck, 1894) .
The toadfish is very sluggish; it lies at the bottom waiting for prey, and does little active hunting.
The body is depressed; the blood sugar, hemoglobin and iron are all low. The respiratory rate is correspond ingly low.
The sea robin and puffer are of intermediate activity as judged by these criteria (Hall, 1929; Hall and Gray, 1929; Gray and Hall, 1930) . The sea robin stores a large amount of fat, and for this reason may be classified with the menhaden in type of metabolism.
METHODS

Preparation of the Enzyme Solutions
The fishes used in this investigation were kept in live cars or tanks for a few days before using, in order to have them in approximately the same condition as regards gastro-intestinal contents.
With the mackerel this scheme was impracticable, and fresh fish had to be used whenever available.
The body-weights of all the fishes fell between 200 and 280 grams.
The viscera were separated, washed, slit open, washed again, blotted, and weighed.
The tissues were ground vigorously with glass f rag ments.
In many cases the isolation of the pancreas was a physical impossibility; here the procedure was simply to grind up the mesentery, after removing portions which obviously did not contain pancreatic Bile was usually collected from the gall bladder by means of a needle and syringe.
In many experiments, the gall bladder was stripped of its serosa and ground up in the bile, and the whole extracted.
The extracting agent was added to the tissue in the proportion of 20 ml. per gram of tissue. The whole was put into a small flask and allowed to stand at room temperature for twenty-four hours.
Fifty per cent alcohol or 50 per cent glycerine were used exclusively after it had been established that these were the most efficacious of the solutions tried.
The gastric mucos@ were extracted with N/10 HC1. The several organs were separately and simultaneously extracted.
The Measurement of Digestion
Pepsin and Try psin.â€"These proteases were estimated by the visco metric method described by Northrop and Hussey (1923) .
For pepsin, a 3 per cent gelatin preparation was used. The pH was maintained at 2.5. For trypsin, a similar gelatin solution was buffered at pH 7.4, using 0.05 M phosphate.
The substrate (10 ml.) was put into an Ost wald viscosimeterin a water bath at 35Â°C.; 0.2 to 0.4 ml. of tissue extract was added when the gelatin had come to the temperature of the bath. Boiled enzyme was added to a similar system which served as a control.
At intervals, the viscosities of the systems were determined. One unit of enzyme is defined as the amount which will cause a reduc tion of 20 per cent in the viscosity in sixty minutes.
The reaction fol lows a unimolecular course and as a result one unit of enzyme causes a reduction of 10 per cent in 19 minutes, or 5 per cent in 8.2 minutes. Two units of the enzyme will cause a decrease of 20 per cent in viscosity in half the time required by one unit. An example of calculation will be given below. Davison's (1925) method was used. The limitations of the method have been discussed in an earlier paper (Chesley, 1931) . The procedure was very similar to that used for the estimation of proteases.
Amylase.â€"For the determination of amylase,
Sodium chloride was added to the system in a concentration of 0.05 M. The pH was kept at 7.2 by means of phosphate buffers.
Units of enzyme are calculated in the same manner as for the proteases.
Lipase.â€"The Kanitz (1906) method was used. Ten milliliters of faintly alkalinized (NaOH) olive oil were incubated with 3 ml. of tissue extract for 16 hours at 40Â°C. To this were added, at the end of the digestion period, 50 ml. of acid-free alcohol and S ml. of ether, with three or four drops of phenolphthalein.
The mixture was shaken and titrated with 0.1 N NaOH.
A blank was run for each experiment. The amount of oleic acid liberated under the action of the enzyme was then calculated from the titration value.
EXPERIMENTAL RESULTS
Factors Influencing Enzyme Activity
Temperature.â€"The results of these experiments will be the subject of a separate paper.
It was found that over a period of thirty minutes, under the conditions of pH and ionic concentrations which were main tained, the optimal temperature is 35Â°C. Accordingly, this temperature was kept throughout the whole work. C., was found to have a critical optimum at pH 7.2. The activities are considerably less at pH 7.0 and 7.4. This is shown in Table I ; the values given are relative, the activity at pH 5.3 being set at unity.
Hydrogen Ion Concentration.â€"Experiments were done only with
Sodium chloride was present in a concentration of 0.05 M, and phos phate buffers in an equal amount. These determinations were made viscometrically, and the optimum, which is atypically critical, may be governed in part by a pH effect upon the stability of the viscosity of the starch. Further investigation of pH effects upon fish amylase is planned.
As a routineprocedure,the pH was maintained at 7.2 for allamylase determinations. Sodium Chloride Concentration.â€"Since the chloride ion is the most efficacious of the anions activating amylase, and since the chloride con centration of the sea water is higher than the optimal activating con centration reported for mammalian amylase, the influence of chloride concentrationupon fishamylase was studied,using three methods of measuring enzyme activity. The experiments were conducted as fol lows. Fifty-milliliter portions of 2 per cent soluble starch, buffered to pH 7.2 by means of 0.05 M phosphate mixture, were put into a series of flasks kept in the water bath at 35Â°C. Successively increasing quantities of a molar solution of NaCl were added to the preparations, and as soon as the temperature of the bath was attained, a definite quan tity of enzyme solution was added.
At intervals of a minute, five drops of the digest were removed and blown into 5 ml. of a N/8,000 iodine solution.
The time was determined for the disappearance of the blue color reaction, and for the disappearance of any color reaction (referred to in Table II as â€oe¿ no blueâ€• and â€oe¿ achromicâ€• iodine methods respec tively).
At the end of 30 minutes, 5 ml. of the digest were removed and added to 95 ml. of Fehling's solution, and the maltose concentration was determined. 
Concentration of Enzyme.â€"As is to be expected, fish amylase obeys
the general rule (which does not apply to certain proteases) that the rateof hydrolysisisproportional to the concentration of enzyme. Twice as much enzyme effects the same change in half the time.
This was determined viscometrically over a range between 0.02 and 0.6 ml. of tissueextract, and isshown in Table III . The definition of the enzyme unit is based upon this relationship. tâ€"00o'@ 
Digestion in the Fishes Studied
The Mackerel.â€"The mackerel is predominantly an animal plankton feeder, which means that it is an active fish. Its energy requirements would indicate that it should have a rapid and efficient digestion.
That this is the case will be seen by reference to Tables IV, V, and VI, which show that the mackerel has the greatest amounts of enzymes.
The pancreas, and secondarily, the intestine, are the chief sites of zymo As an adaptation to its plant diet, the menhaden intestine is much longer than that of any of the other fishes studied; also the stomach is remarkable for its heavy muscular walls and horny lining.
There is a large amount of body fat, to which the fish owes its economic importance.
In view of their fatty metabolism, and the fats aIld oils in the diet, one might expect to find relatively much lipase in the digestive system. This is not the case.
In protease content, the menhaden is second only to the mackerel. The large number of c@ca are important as a source of enzymes.
The data are shown in Tables IV, V and VI. 
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The Scup.â€"A third fish of the active group was studied. Tables IV, V, and VI show that the scup has nearly as much protease, per gram of tissue, as the menhaden, while lipase and amylase are present in considerable amounts.
The four pyloric c@ca, small as they are, seem to be important in the secretion of protease.
The bile, with which the intestinal content is invariably deeply stained, possesses a considerable amount of protease and some amylase.
Apparently the bile is an im portant factor in the scup's digestion; the gall bladder is relatively large and always distended with enzyme-rich bile. The Sea Robin.â€"This fish stores fat, and in the great majority of cases, the liver is cream-colored and greasy, indicating large amounts of liver fat. The gastro-intestinal lipase is slight in quantity, as in the menhaden; in fact it is the least found in any of the fishes studied ( Table VI) . The trypsin and amylase are correlated in quantity with the general activity of the fish (Tables IV and V) .
The Puffer.â€"Proteases were not estimated in the puffer. Tables V and VI show that the amylase and lipase are correlated with the general activity of the fish.
The Toad flsh.â€"In this, the most sluggish of the species studied, the amounts of digestive enzymes, except lipase, are the least. The large liver is apparently the chief source of enzymes (Tables IV, V , and VI).
DIscussIoN
Both Kenyon (1925) and Vonk (1928) have found that the her bivorous carp has much more aniylase than have the carnivorous fishes.
The present investigation shows that this does not, apply in the case of the menhaden, which feeds largely upon small plants. This diet is rich in oils, yet the menhaden appears to have but slight quantities of lipase.
Tables IV, V, and VI show clearly that the amounts of digestive enzymes, in the fishes studied, are a correlative of the general activity. At one extreme are found the mackerel and menhadenâ€"fishes that probably never cease swimming and thus impose constant demands upon their energy stores.
At the other extreme is the toadfish, with the other fishes ranging in between.
As for the distribution of enzyme production among the various organs concerned with digestion, no generalization can be made because of the limited number of species studied. However, in the mackerel, which has a compact pancreas, the production of enzymes is centered for the most part in that organ, while in the other species studied the pancreas is not well defined and enzyme secretion is not localized in it. In the menhaden, where the pancreas is somewhat disseminated through the c@ca, both protease and amylase production reside here to a greater degree than in any other portion of the system, while lipase is secreted in several places.
Lipase secretion is characteristic of the highly or ganized pancreas.
In other fishes, in which the pancreas is even more diffuse, there are decreasing stages of localization of secretory function in that gland. Apparently a high degree of morphological organization is the concomitant of a high degree of physiological organization.
In the mackerel, which has a well-developed pancreas, the c@ca play a relatively minor role in the secretion of enzymes.
In the menhaden, scup, and sea robin, where the pancreas does not show a high degree of morphological and physiological differentiation, the c@eca seem to be important in this respect. This is of particular interest since the caeca are embryologically equivalent to the pancreas.
From a consideration of the data in hand, it is difficult to decide if there is an accumulation of enzymes during fasting, but the general impression is that there is no piling up of enzymes in the secretory cells. It is interesting to note that the biles are usually active enzymatically. In the case of the scup, the presence of@enzymes in the bile is readily comprehensible, as sections of the liver show scattered acini of pan creatic tissue, and the liver extracts are active. However, in the sea robin the liver extracts are almost wholly inactive, the liver sections show no pancreatic tissue, and yet the bile contains a protease and amylase. Unfortunately,I have no sections of the sea robingallbladder.
With the exception of the puffer, a rough correlation is shown be tween the amounts of amylase in the digestive systems, and the blood sugar levels. Inasmuch as both of these parallel, in general, the activities of the fishes, there may be no deeper significant relation between the two. Yet it seems probable that the efficacy of starch and glycogen di gestion should condition the amount of carbohydrate taken into the body from the tract. Once in the system, part of the carbohydrate may go into storage as fat or glycogen, but part of it might well go toward maintaining the blood-sugar level. However, with the interconversion of foods and potential sources of glucose in the fat and protein, the fish could be more or less independent of its starch-digestive power.
CONCLUSIONS
The biliary and pancreatic amylases of several marine fishes have a critical optimum at pH 7.2, when the temperature is 35Â°C., NaC1 0.05 M, phosphate buffer 0.05 M, and the period of digestion is 30 minutes.
The concentrationof NaCl required to activateamylase fully is higher for fish amylase than for mammalian; for fish amylase, it was found that0.05 M NaCl issufficient.
The rateof digestionof starchvariesinverselyas the concentration of enzyme, over a considerablerange.
The digestiveenzymes parallel, in quantity,the general activity of the fishesstudied. This isespecially true of trypsin, but not of pepsin.
The menhaden, which subsists chiefly upon plant forms, is not adapted in having little lipase, since the diet is rich in oils.
Lipase is least in quantity in the fishes having a fatty metabolism (insofar as they store large reserves of fat).
These are the menhaden and the sea robin.
In the fishesstudied,the pancreas varies from a compact organ to an exceedingly diffuse structure.
Apparently the degree of morpho logical organization is a concomitant of the degree of physiological organization.
The compact pancreas is the center of enzyme secretion; the diffuse organ produces only a small portion of the enzymes poured into the enteron.
When the pancreas is not highly organized, the pyloric c@ca seem partially to supplant it in enzyme secretion. 
